Inflammatory pseudotumours are uncommonly encountered lesions in the abdomen and pelvis that often present with variable and nonspecific imaging features. They may mimic other more common lesions, including malignancy. Within the appropriate clinical context, inflammatory pseudotumours merit consideration in the differential diagnosis of soft-tissue masses within the abdomen and pelvis. A preoperative diagnosis of inflammatory pseudotumour, established through biopsy, may help to differentiate this benign entity from malignancy. In this article, we reviewed the imaging features of inflammatory pseudotumours of the abdomen and pelvis, including liver, spleen, bowel, retroperitoneum, kidney, bladder, uterus, and adnexa.
Inflammatory pseudotumours are rare lesions of unknown origin, classified as a chronic inflammatory tumefaction with borderline inflammatory and neoplastic characteristics. They most often involve the lung and orbit, and account for 50% of benign pulmonary masses in children and 10% of orbital masses [1] . Although inflammatory pseudotumours have been found at every site in the body, their prevalence and incidence at other sites is unknown. In general, they are locally aggressive and frequently multifocal but rarely extend outside the involved organ or metastasize remotely. Their prognosis, based on complete surgical resection, is favorable [1e4]. Although benign, inflammatory pseudotumours have the clinical and radiologic propensity to mimic malignant masses. Although there are reports of spontaneous regression or response to medical treatment, their aggressive characteristics may lead to radical surgical resection [1, 2] .
Pathogenesis and Clinical Features of Inflammatory Pseudotumours
The underlying etiology of inflammatory pseudotumours is unknown, and there remains uncertainty as to whether these lesions are reactive or neoplastic. They have been found in the setting of trauma, surgery, malignancy, and autoimmune disease, and secondary to infection [3] . Histopathology commonly demonstrates myofibroblastic spindle cells and both acute and chronic inflammatory cells in a matrix of variable amounts of collagenous fibrotic stroma [1, 2] . Their histologic complexity and variability are evidenced by the many terms used to describe them, including inflammatory myofibroblastic tumour, plasma cell granuloma, xanthomatous pseudotumour, pseudosarcomatous myofibroblastic proliferation, inflammatory myofibroblastic proliferation, and myofibroblastoma [1] .
Inflammatory pseudotumours are more common in children and young adults [2, 5] . Although smaller solitary masses may be asymptomatic, larger pseudotumours may cause mass effect, with signs and symptoms related to tumour location. Systemic symptoms, including unexplained fever and weight loss, as well as laboratory abnormalities have been reported [1, 2] . They tend to have an innocuous clinical course, with local recurrence reported in approximately 25% of cases [3] . Complete surgical resection is the treatment of choice for the majority of inflammatory pseudotumours [1e3,6] .
Imaging Features of Inflammatory Pseudotumours
Radiologic descriptions of inflammatory pseudotumours are rare and are limited to case reports and small series. These descriptions suggest variable and nonspecific findings; characteristic or pathognomonic features have not been described. The cellular composition differs among pseudotumours and likely accounts for their variable imaging characteristics. It is not uncommon for pseudotumours in the abdomen and pelvis to mimic malignant processes with aggressive features, including ulceration, mural infiltration, and extravisceral extension [3] .
On ultrasound, inflammatory pseudotumours demonstrate variable echogenicity with both hypo-and hyperechoic lesions described. Tumour margins may be ill defined or well defined, and Doppler insonation may demonstrate prominent vascular flow on colour and power Doppler imaging [1e3]. Computed tomography (CT) findings are variable. On noncontrast studies, inflammatory pseudotumours are generally hypo-or isoattenuating relative to muscle with homogeneous or heterogeneous internal lesion attenuation. Larger lesions may exhibit calcifications and central necrosis. There are varying degrees and patterns of contrast enhancement: some lesions that show early peripheral and delayed central enhancement and a subset demonstrate a degree of retained contrast on delayed phase imaging. Magnetic resonance imaging (MRI) characteristics are most commonly described as low signal relative to skeletal muscle on T1-weighted imaging and hypo-or hyperintense signal on T2-weighted imaging [1e3]. As with CT, heterogeneous, marked gadolinium enhancement with delayed contrast retention has been reported [2, 7] .
Inflammatory Pseudotumours of the Liver
Hepatic inflammatory pseudotumours have been reported, with higher incidence in Asian countries, more commonly among children and young adults [3] . Males are disproportionately affected at a ratio of 8:1 [8e10]. Systemic symptoms, such as fever, epigastric pain, and weight loss, have been reported [6, 8, 10] . Although laboratory work may be normal, abnormalities may include leukocytosis and elevated erythrocyte sedimentation rate, C-reactive protein, liver enzyme, and lactate dehydrogenase values [9, 10] , which have been associated with inflammatory or immune responses, including cholangitis, phlebitis, and retroperitoneal fibrosis as well as in the context of posttransplantation immunocompromise [3] .
Hepatic inflammatory pseudotumours are most often solitary, with a predilection for the right lobe [3, 8] . The most common suspected diagnosis based on imaging is hepatocellular carcinoma [11] . Although focal intrahepatic lesions are the more common, pseudotumours may rarely involve the porta hepatis or biliary tree with secondary biliary obstruction and clinical jaundice.
On sonographic examination, hepatic inflammatory pseudotumours may be hypo-or hyperechoic, with ill-or well-defined peripheral margins. Some pseudotumours may demonstrate heterogeneous internal echotextures that mimic liver abscesses or cystic lesions [9, 10] . CT descriptions include heterogenous or low-density masses with illor well-defined margins (Figures 1e4). They exhibit a variable degree of portal venous phase contrast enhancement with delayed contrast enhancement of at least part of the lesion most commonly described, likely related to the tumour's fibrous components [6, 8, 12] . Various degrees of mass effect and dilatation of the intrahepatic biliary tree have been reported [9, 10] . MRI findings demonstrate signal intensity consistent with solid lesions, most commonly hypointense on T1-weighted imaging and hyperintense on T2-weighted imaging relative to skeletal muscle [8, 9] . Heterogeneous gadolinium enhancement, with examples of delayed enhancement, have been described [8, 9] . A case of fluorine-18 fluorodeoxyglucose positron emission tomography describes abnormal metabolic activity with markedly increased fluorine-18 fluorodeoxyglucose uptake [13] .
Inflammatory Pseudotumours of the Spleen
Splenic inflammatory pseudotumours may be an incidental finding in asymptomatic patients or present with symptoms that include fever, weight loss, and abdominal pain [11, 14, 15] . Most commonly, these lesions are found in middle-aged to older people of both sexes [11] . They are generally large, solitary, round or ovoid masses. The most commonly suspected diagnosis on imaging is lymphoma or hamartoma [11] .
Sonographic characteristics include a well-circumscribed echogenic mass, which demonstrated varying amounts and patterns of calcification with posterior acoustic shadowing [14] . Noncontrast CT demonstrates various patterns, including a homogenous or heterogeneous mass ( Figure 5 ), hypo-or hyperdense to surrounding splenic tissue [14, 15] . Partial calcification in a rim-like or stippled pattern may be present [14, 15] . A central stellate low-attenuation focus may persist with contrast administration on delayed-phase imaging, which corresponded to central fibrosis on pathology [14, 15] . MRI findings may demonstrate a heterogeneous mass that is iso-or hyperintense compared with splenic tissue on T1-weighted imaging and hypo-or hyperintense on T2-weighted imaging, with delayed enhancement after gadolinium administration [7, 9] .
Inflammatory Pseudotumours of the Pancreas
Inflammatory pseudotumours of the pancreas have been reported in all age groups, predominately in females.
Symptoms may include abdominal or back pain, nausea, vomiting, and biliary obstruction secondary to mass effect [16, 17] . Laboratory test abnormalities are variable and may include elevated amylase, C-reactive protein, bilirubin, and liver enzymes [16, 18] . Some cases have been found in association with retroperitoneal fibrosis, with involvement of the common bile duct [16] .
Case reports generally describe solid lesions, although a case of cystic tumour has been described, in any region of the pancreas [16, 17, 19, 20] . Displacement of the superior mesenteric vein and biliary tree dilatation have been reported [16, 20] . Sonography demonstrates a mass, anechoic or isoechoic to pancreatic tissue, and CT shows a homogeneous, soft-tissueedensity mass, which enhances with intravenous contrast administration to the same degree as the rest of the pancreas ( Figure 6 ) [17, 19, 20] . MRI reveals a homogeneous mass, isointense to pancreatic tissue, which enhances markedly after contrast administration [20] .
Inflammatory Pseudotumours of the Kidney
Renal inflammatory pseudotumours have been reported in a wide age range, particularly among men [1, 2, 21] . Patients generally are symptomatic, with fever, flank or abdominal pain, and gross and microscopic hematuria [21] . The most common suspected diagnosis on imaging is renal cell carcinoma or lymphoma. Rare ultrasound reports describe a well-defined, uniformly hypoechoic or heterogeneous mass that demonstrates vascular flow on Doppler imaging [1, 2] . CT demonstrates a solid hypoattenuating mass with subtle foci of increased density, which may represent calcification (Figures 7, 8 ). Enhancement patterns include corticomedullary phase enhancement with excretory phase washout.
Inflammatory Pseudotumours of the Bowel and Mesentery
Inflammatory pseudotumours of the bowel and mesentery are more common in females, with ileocecal and gastric tumours most commonly described [5, 11] . Symptoms may include intermittent abdominal pain, fever, weight loss, and diarrhoea [5] . Large masses may cause luminal narrowing or extrinsic mass effect with associated mesenteric inflammatory changes.
Imaging findings describe variably enhancing soft-tissue masses that may exhibit calcification, ulceration, and extravasation [5] . A well-defined, heterogeneous soft-tissuee density mass that is hypoechoic on sonography with prominent central vascularity on power Doppler and hypo-or isoattenuating relative to skeletal muscle on CT may be demonstrated ( Figure 9 ) [18] . Various patterns of contrast enhancement have been described, including early peripheral with delayed central filling, heterogeneous, homogeneous, or no enhancement [18] .
Inflammatory Pseudotumour of the Retroperitoneum and Pelvis
Retroperitoneal inflammatory pseudotumours are rare, large soft-tissue masses that may exhibit mass effect due to extrinsic compression on neighbouring structures. Their imaging appearance may mimic malignancy, including sarcoma, lymphoma, or retroperitoneal fibrosis. CT findings demonstrate a heterogeneous or mixed attenuation softtissue mass, which may homogeneously or heterogeneously enhance on contrast scans ( Figure 10 ) [2, 22, 23] . Relative to skeletal muscle, MRI demonstrates slight or marked signal intensity on T2-weighted imaging, and T1weighted imaging demonstrates iso-or slightly hyperintensity ( Figure 11 ).
Inflammatory Pseudotumours of the Bladder
Bladder inflammatory pseudotumours are typically found in young women, with an average age at presentation of 28 years, and may be associated with previous surgery or trauma [11, 24] . The most common symptom is painless gross hematuria as a result of exophytic or ulcerated lesions, with associated anemia and urinary symptoms of frequency, dysuria, and obstruction [2, 25] . They have been described as polypoid intraluminal or submucosal masses, which may extend beyond the bladder into the perivesicular fat [26] . These findings may be indistinguishable from malignancy and may be misdiagnosed as rhabdomyosarcoma [25] .
On sonographic examination, they demonstrate a protruding intraluminal mass with increased vascularity on power Doppler [2] . CT findings include a heterogeneously enhancing polyploid tumour that may be surrounded by a clot (Figure 12 ) [2, 25] . MRI demonstrates intermediate intensity of T1-weighted imaging and hyperintensity on T2-weighted imaging, with enhancement after gadolinium administration [25] .
Inflammatory Pseudotumour of the Uterine Cervix
Inflammatory pseudotumours of the uterus are more commonly reported in the myometrium; cervical inflammatory pseudotumours are very rare and limited to case reports. Symptoms include lower abdominal and pelvic pain. CT findings of a heterogeneous soft-tissue mass arising from a globally enlarged cervix, invading the parametria, and causing ureteric obstruction and ureterohydronephrosis have been described ( Figure 13 ) [27] . To our knowledge, patterns of enhancement of cervical inflammatory pseudotumours or calcifications have not previously been described.
Inflammatory Pseudotumours of the Adnexa
Patients with ovarian inflammatory pseudotumours have an average age at presentation of 31 years, and a history of pelvic inflammatory disease has been described. Symptoms may include lower abdominal pain and fever. The suspected diagnoses include tubo-ovarian abscess, endometrial cyst, or ovarian carcinoma. Sonography demonstrates cystic masses that may contain internal septations [12] . To our knowledge, no CT description of inflammatory pseudotumour of the ovary exists Figure 9 . A 49-year-old man with an inflammatory pseudotumour of the small bowel. Computed tomography with intravenous and oral contrast in a patient with a previous small bowel resection who presented with small bowel obstruction (arrowheads) secondary to a heterogeneously enhancing small bowel mass (arrow) proximal to the anastomosis. A core biopsy was performed, which indicated an inflammatory pseudotumour. Figure 10 . A 57-year-old man with a retroperitoneal inflammatory pseudotumour. Intravenous and oral contrast-enhanced computed tomography, demonstrating a large complex cystic mass, with rim calcification (arrow). It extends inferiorly, displacing the anterior renal fascia and descending colon. Pathology results indicated an inflammatory pseudotumour.
( Figure 14 ). MRI may demonstrate a thick-walled cystic lesion, hypointense to myometrium on T1-weighted imaging, and hyperintense (similar to water) on T2-weighted imaging with marked enhancement of the wall upon gadolinium administration [28] .
Summary and Conclusion
Although rare, inflammatory pseudotumours have been reported in almost every abdominal and pelvic organ. They may be asymptomatic or present with findings related to mass effect or nonspecific systemic symptoms. Their imaging appearance is often nonspecific and suggestive of other more common etiologies, including malignancy. Inflammatory pseudotumours should be considered in the differential diagnosis of soft-tissue masses in the appropriate clinical context. In general, inflammatory pseudotumours have an innocuous clinical course; complete surgical resection, therefore, is often the treatment of choice. This preference is reflected in our series, in which 13 of 14 cases were managed surgically. A percutaneous biopsy, obtained before surgery, may help to establish the diagnosis of inflammatory pseudotumour from malignancy. Although 6 of the 14 cases in our series underwent core needle biopsy, only 1 case diagnosed as inflammatory pseudotumour was managed nonoperatively, with interval follow-up imaging. The remainder underwent surgical resection due to the difficulty of excluding significant unsampled lesion or malignancy based on the core biopsy specimen alone. Consideration may be given to percutaneous biopsy; however, surgical resection may still be required for definitive diagnosis and treatment of inflammatory pseudotumour. Figure 11 . A 43-year-old man with a retroperitoneal inflammatory pseudotumour. (A) A T1-weighted magnetic resonance (MR) image and (B) a T2-weighted MR image, demonstrating a lobulated hypointense retroperitoneal soft-tissue mass (arrows) surrounding the left proximal ureter and ureteropelvic junction, which resulted in hydronephrosis and cortical thinning (arrowheads). Pathology results indicated an inflammatory pseudotumour. Figure 12 . A 62-year-old man with a bladder inflammatory pseudotumour. Noncontrast computed tomography, demonstrating a lobulated soft-tissue density mass arising from the posterior wall of the bladder (arrow). Pathology results indicated an inflammatory pseudotumour. Figure 13 . A 50-year-old woman with a cervical inflammatory pseudotumour. Intravenous and oral contrast-enhanced computed tomography, demonstrating a well-defined, mildly enhancing heterogeneous cervical mass (arrows) with punctate calcifications (arrowhead). Pathology results indicated an inflammatory pseudotumour.
